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Abstract  
In the process of urban construction, a large number of mud is produced. But the current treatment and disposal method of 
building mud has low efficiency and high cost. In order to facilitate the effective treatment of the subsequent mud, mud 
dewatering need to reduce the processing cost and realize the goal of sludge reduction as an important pre process to meet the 
requirements of national environmental protection. From the analysis of comprehensive index of energy consumption, investment 
operation cost of technology and economy, sludge hot-pressing drying technology will be one of the key development areas. 
Through the analysis of the composition and the dewatering performance of the building mud, the inorganic components were 
mainly SiO2 and Al2O3, which was similar to the clay and was difficult to deal with. 
The pilot test was conducted with the method of heating, pressure, adding filter aid, etc. Research showed that the main factors 
affecting the height of mud cake formation were the mud particle size, the dynamic viscosity, the initial sludge concentration, etc. 
The effect of heating and pressing was remarkable. By using the similar amplification principle, the mud treatment equipment, 
which was based on hot-pressing drying technology, was designed. And the mud water content was controlled within 30%. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Tsinghua University/ Basel Convention Regional Centre for Asia and the Pacific. 
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1. Introduction 
Building mud is mainly produced in the construction and bridge pile foundation engineering, underground tunnel 
shield project and non excavation engineering construction, composed by liquid and clay. Auxiliary additives, the 
main role is protecting the hole wall, carrying the drilling waste slag out of the hole. 
In the drilling process, because of drilling waste slag continuously went into the mud, the proportion, viscosity 
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and sediment concentration of mud changed, can not meet requirements of the slurry performance, must be disposed 
or purified. Mainly through the solid-liquid separation, the drilling slag in the mud was separated before reused. The 
volume of building mud is usually 4 times of the earth, and the concentration is about 5~10% of the sand, which is 
between 150 and 220g/L. Existing dewatering sludge water rate is about 60%, mud cake moisture is high, is not 
conducive to the dispersion and bagging transport, unable to meet the processing requirements. 
Therefore, the key to solve above problems is to further reduce the moisture content of the sludge. The water in 
the dewatering sludge is mainly combined water and some of the adsorption water. To further remove this part of 
water, the conventional dehydration method is no longer applicable. Sludge drying through a mechanical dewatering 
technology, to use the hot-press drying technology for the depth of the sludge dewatering operation, get the dry 
sludge of 10%~30% water content. The volume can be reduced to 1/3 of the original volume, become granular or 
powder. The product is stable and has no smell, no pathogen, easy to transport and subsequent processing. 
2. Present condition of building mud 
With the continuous advance process of urban and rural integration, a large number of real estate projects have 
started, but also triggered a series of environmental problems. In order to solve the noise problem in the course of 
construction, required for the construction of the high-rise building deep foundation pile technology, original 
hammer piling method was replaced gradually by argillization which does not produce noise pollution, but resulting 
in a large number of building mud1.  
Inspection, a medium-sized construction site can produce the amount of mud for 1600m3 every day, water 
content is generally 85~92%. After the existing mechanical dewatering technology2 thickening and dewatering can 
be reduced to 60% (plate and frame filter press), mud has been basically no liquidity. But the plate and frame filter 
press capacity is too low, can not meet the requirements, and the body is huge, covers large area, handling flexibility. 
The application of technology in the construction of plate pressure reduction in the mud has certain limitations. 
Construction mud belongs to the high turbidity sewage sludge, the average mud content is as high as 140g/L. At 
present, there is no systematic study on the mud separation at home and abroad. Comprehensive experience, use the 
hot-press drying technology to deal with the construction of mud, can greatly reduce the transportation cost of 
building mud, and reduce the pollution caused by the chaos and reduce the river blockage. 
3. Hot-pressing drying theory 
Hot pressing filtration has two parts. The first stage is the mechanical hot pressing filtration stage. This stage is in 
the same with the traditional mechanical filtration, but the heat of the hot press drying reduced the viscosity of the 
suspension slurry, which is beneficial to improve the mechanical filtration rate. However, there is a necessity for the 
filtration of pure mechanical filtration. Therefore, the filter time should be controlled according to the actual 
situation. The second stage is the hot press drying stage, the working principle is: after the mechanical hot press 
filter stage, heating drying plate was beginning. Capillary water close to the drying plate filter cake was heating 
vaporization, produced drying dehydration heat and mass transfer effect, meanwhile produced steam pressure filter, 
promote the lateral capillary water in liquid form running out from one side of filter cake. 
Heat transfer is required for heat and mass transfer, and the other is to provide the driving force for heat transfer. 
Compared with the former, the former is characterized by energy saving and consumption reduction. Steam pressure 
filter driver can be expressed by Clapeyron Clausius formula3: 
CT
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RPs  ln1868.4 '''   (1) 
In the case of constant pressure P, heating to the system. In order to keep the balance of the formula, we must 
have more liquid vaporization, which is the theoretical basis of the hot pressing filtration and drying. 
Carman—Kozeny permeability model can be used to express flow pressure drop for the fluid flow in the porous 
layer of filter cake4: 
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The filter chamber near the drying plate to form saturated vapor pressure P should be higher than the capillary 
liquid impetus ᇞP, then the effect of hot pressing drying can be formed. The formula (1) and (2) are simultaneously 
obtained, and the dynamic equation of the hot press drying dehydration is obtained: 
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Thus, hot pressing drying dehydration has direct relationship with porous media filter cake porosity ε, particle 
surface mean effective diameter dp, the cake thickness L, hot pressing drying temperature T. The smaller the size of 
the material, the smaller the porosity, the higher the saturated vapor pressure P of the filter chamber near the dry 
plate, and the higher the temperature of the hot pressing and drying5. 
4. Technology Research 
4.1. Hot Pressing Technology 
4.1.1. Mechanical Dewatering 
Mechanical dewatering method6,7 included vacuum filter method, press filtration and centrifugation method. 
Vacuum suction filtration method is mainly used for the dewatering of sludge and sludge in the primary 
sedimentation tank. Characterized by a large amount of processing, can achieve the process of automatic operation; 
the disadvantages are many subsidiary equipment, process complexity, high operating costs, regeneration and 
cleaning is not sufficient, easy to plug. Press filtration and vacuum filter method principle is the same. The 
difference is that impetus of press method is positive pressure, but the impetus of vacuum filter method is negative 
pressure. The impetus of centrifugation method is the centrifugal force, which is driven by solid phase. Centrifugal 
force is much larger than the gravity, and the size can be controlled. Compared with vacuum filter method, press 
filtration, centrifugation method can achieve automatic and continuous production, good sanitary conditions8. 
4.1.2. Sludge Drying 
The main use of heat energy is to destroy the colloidal structure of sludge, so that the cell wall of the sludge in 
the cell wall will break and release combined water. In the process of heat transfer between the sludge and the heat 
medium, the cell wall is broken and the water is lost. Heat medium is generally used hot air, water vapor, heat 
conduction oil, etc.. According to the thermal media and sludge contact method, heat medium is divided into direct 
heating type, indirect heating type, as well as direct and indirect combined heating type3. 
The working principle of high pressure dehydration is the mechanical extrusion system which is composed of 
high pressure and low pressure system, and it can be cut down to 30-50%. Hydrothermal pretreatment + mechanical 
dewatering refers to using superheated steam at high temperature on sludge pretreatment and reduce sludge viscosity, 
mechanical dewatering. Water heating technology is to heat the sludge in a sealed container, under a certain 
temperature and pressure, microbial cells broken, the intracellular water is released; at the same time, large 
molecular organic substances occur hydrolysis, colloidal structure is destroyed, improve the biodegradability of 
sludge. This technology can improve the dewatering performance of sludge, and it is a feasible, simple and 
economical sludge disposal technology. 
4.2. Filtrate Recycling Technology 
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This process made mud be pressured into mud cake, in addition to the convenience of transport, the depth 
removed water once again be back to the pile. It not only reduce the cost of water, but also save water resources. 
When got mud out from the underground, first step was the initial dehydration through the inclined plate thickening 
tank; then the mud which had a certain flow would be pushed into the stirring barrel, after adding filter aid agent, 
slurry was fully mixed. The mud was transported into the hot pressing drying machine with slurry pump for deep 
dehydration. The traditional and the default process flow is shown in Fig.1. 
 
Fig.1. process flow chart 
4.3. Mud Cake Resource Technology 
The water content of the sludge was reduced to 30%, and the following treatment was carried out by the 
following steps: landfill (save space, reduce transportation cost), make building materials (vacuum brick) and make 
cement raw materials (to be further studied). In addition to a small amount of organic matter in the sludge, mainly 
for the silicon aluminum inorganic material, and building materials commonly used in clay raw materials9,10. At 
present, moisture content about 80% of the sludge can be directly used as building materials. Dried sludge and 
sludge incineration ash also can be used. It is clear that the direct use of dehydrated sludge is the best way, and then 
the two way through the high cost of the first treatment, can only be used as an alternative means of sludge disposal. 
5. Experimental Analysis 
5.1. Experimental materials and methods 
5.1.1. Particle size analysis 
 
Fig.2. results of particle size range 
As shown in Fig.2., the average particle size of the sediment layer is only 41.195um. According to the theory of 
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hot pressing, the greater the particle size, the greater the porosity, and the depth of treatment will be improved. And 
the size of the particle size of 100um was less than 25% of the total volume. It is very difficult to prove the 
construction mud. 
5.1.2. Scanning electron microscopy (SEM) analysis 
     
Fig.3. (a) SEM image magnification (100um); (b) SEM image magnification (10um) 
On the basis of hot dry filter theory, the size and quantity of porosity directly affects depth processing capacity of 
mud. For more intuitive view of the pore distribution on the building mud particles, the particle size analysis, as 
shown in Fig.3., is made by using an electronic scanner. From 500 times to 5000 times, there is no gap appears, 
from the microscopic point of view to prove that the construction of mud is difficult to deal with. 
5.1.3. EDX-720 component analysis 
Table 1. quantitative results 
Analysis Result SD P-C Line Intensity(cps/uA) 
SiO2 44.428 % (0.456) Q-FP SiKa 0.2842 
Fe2O3 21.952 % (0.043) Q-FP FeKa 87.6774 
Al2O3 12.682 % (0.892) Q-FP AlKa 0.0138 
CaO 10.306 % (0.036) Q-FP CaKa 2.4317 
K2O 6.021 % (0.032) Q-FP KKa 1.1221 
TiO2 2.644 % (0.030) Q-FP TiKa 2.9723 
As shown in Table 1., the inorganic elements contained in the building mud are mainly SiO2, Fe2O3, Al2O3, CaO, 
and the inorganic components in the construction are mainly Al2O3 and SiO2, and the main components of the 
building mud are the clay. In the pre process, it is needed to add the filter aid to help the mud depth dehydration, 
selecting from the elements of silicon, aluminum, calcium, iron. The move is very good to avoid increasing new 
material, reduce the difficulty of subsequent processing. 
5.1.4. Component analysis of XRD (X-ray diffraction) 
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Fig.4. XRD peak spectrum 
Table 2. XRD component analysis 
Visible Ref. Code Score Compound Name 
Displacement 
[°2Th.] 
Scale Factor 
Chemical 
Formula 
* 01-082-1235 36 Cristobalite $GA 0.000 0.039 SiO2 
* 01-089-3072 18 Corundum, syn 0.000 0.019 Al2O3 
* 01-079-0416 28 Magnetite 0.000 0.025 Fe3O4 
* 00-021-0920 24 Iron Oxide 0.000 0.020 Fe2O3 
* 00-010-0348 18 Calcium 0.000 0.036 Ca 
* 01-076-0324 24 Rutile, syn 0.000 0.678 TiO2 
From Fig.4. and Table 2., Si, Al, Fe, Ca corresponded to the highest peak, the main ingredient are SiO2, Al2O3, 
Fe3O4, Fe2O3, TiO2, Ca. 
5.1.5. Selection of PAM (polyacrylamide)  
Organic flocculant A620 and C480 belong to the polyacrylamide series, From Fig.5., following two kinds of 
flocculant were shown in 1 minutes. C480 flocculant is more helpful to building mud sedimentation. Therefore, the 
process selected PAM-C480. 
 
Fig.5. sedimentation effect after 6 min of PAM (left A620; right C480) 
5.2. Experimental Plan Route 
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In order to explain the effect of hot press drying on building mud, the experiment is divided into two main parts: 
heating and no-heating, adding flocculant, diatomite, CaO, and mixed with diatomite or CaO. At the same time, it 
was controlled of the time mud in the ballast, heating temperature, original slurry concentration in the ballast. 
Experimental design route was shown in Fig.6.. 
 
Fig.6. experimental design route 
Through the experiment, 20min without heating made the highest filter cake. CaO and flocculant are used in 
15min to press into a 116mm high mud cake, but has a sandwich, and can not be complete. Only with CaO, heating 
the temperature of 50ć, mud cake height ratio without heating has significantly increased. The time used in the 
experiment was also shortened to 15min by 20min. The moisture content of the mud cake is also controlled at 25%, 
the dehydration is more complete. 
5.3. Experimental Summary 
The results showed that CaO>SiO2>PAM, heating was better than no-heating. The optimal experimental 
conditions were 15min, 102mm, and the moisture content was 24.33%. Under no-heating conditions, the optimal 
experimental conditions were 116mm within the 15min. But when the organic flocculant PAM is added, external 
influence was caused to the construction of the mud. 
The main factors that affect the height of mud cake are the particle size, the viscosity of the slurry, the 
concentration of the original mud and so on. The average particle size of building mud is 41.195um, and the particle 
size of 10um-60um is about 70%. Compared to the city government water pipeline and gold ore tailing, building 
mud has the maximum dynamic viscosity, average dynamic viscosity 1063.5mPas; can not observe pore under 5000 
times scanning electron microscope, indicating that construction of slurry filter in the process of particles is not easy 
to deform. Through analyzing EDX-720 and XRD, the ingredients met basic agreement, are similar to clay 
composition. 
6. Design Calculation 
6.1. Similar Amplification 
774   Shu Zhang et al. /  Procedia Environmental Sciences  31 ( 2016 )  767 – 777 
 
Fig.7. parameter design change panorama 
As shown in Fig.7., left equipment as a prototype, the diameter of the ballast was 150mm, the pressure bear on 
compressor piston head plate unit was 55kgf/cm2. Now the products required surface pressure remains unchanged, 
make the ballast diameter up to 1000mm. To ensure that the surface pressure is equal, so that the experimental 
pressure into the mud cake height was same to the actual. 
6.2. Design Calculation 
Pascal's law states that the pressure of any part of the pressurized fluid will be transferred in accordance with its 
original size.  
The pressure in the large piston is S, the area is A, then the acting force is P: 
NSAP 66 1032.4
4
11
105.5 u|uuuu  S  (4) 
According to the law, the surface pressure S1 of the small piston a area should be: 
MPaPS 5.5
4.0
41032.4
a
1
2
6
 u
uu  S   (5) 
Plunger of the hydraulic pump is applied to the liquid force was regarded as F, pump pressure as P, the total area 
of the piston of hydraulic turbine was regarded as A. But force amplification had no increase in acting ability, 
plunger pump power and press the piston acting is equal. 
  (6) 
kNSAF 2
2
6 107
4
4.0
105.5 u uuu  S
 (7) 
Set the bucket high H=800mm :   
 
F
PHh  
  (8) 
PHF  h
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Hot press is mainly used to press plate product with a large format, the force P on the plunger, is transmitted to 
the product through a movable cross beam and the pressing plate, surface pressure S, pump pressure P and total 
force compressor P’ relationship of product (area A) can be written as following expression: 
's · p· PAS     (9) 
S is the total area of the working piston. 
Taking into account the plunger, movable beam, hot pressing plate, plate and products moving parts weight and 
seal friction, in order to achieve the specified pressure, left-hand side of the equation must also add a constant C: 
A
P
A
GC 1 
  (10) 
G: moving part weight (kgf); P1: the sealing of friction (kgf). 
pAP  ·h  ·31 PS   (11) 
µ: the friction coefficient: 0.1-0.15; h: seal height (cm). 
After calculating the C value, the pump pressure can be calculated. 
CS
a
A  ·p
  (12) 
Press total force 
  (13) 
At present, the height of the mud cake is 102mm, the moisture content is 24.33%, the weight is 2.829kg, the 
pressure time is 15min, the proportion of CaO is about 5.3%. 
m: the experimental prototype of mud cake quality, n: a machine working frequency in one day, A: ballast area of 
equipment, a: prototype ballast area; amplification equipment production in a day: 
 (14) 
The density of building mud is 1.4g/cm3, ten sets of equipment capacity in one day: 
3
33
97.41
104.1
2.587610
/
)kg
m
mkg
MV |u
u  ˅˄
˄
U   (15) 
6.3. Process Design 
Construction mud treatment, the construction site of the actual inspection and design process is as follows: piling 
machine drilling, producing building mud, transporting mud into the mud pool by using the pump. In a mud pool 
placed a slurry pump, transporting mud into the inclined plate thickening pool and began a preliminary settlement, 
1· PGSFP  
  kg
a
A
nm 2.5876
15.0
2.1
15
6010
%4.231981.2M
2
2
|u
uuuuu uu S
S
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water content decreased to about 70%. 70% of the mud still has liquidity, rely on liquidity construction slurry is 
introduced into the stirring barrel, adding filter aid agent. With the aid of the rotor pump, transporting mud into the 
hot dry machine in cabin pressure, compressing and heating the formation of mud cake, to control the moisture 
content below 25%. Finally transport mud cake out of factory for the next step of the process. The technological 
process flow is shown in Fig.8., as 3D panorama shown in Fig.9.. 
 
Fig.8. process flow chart 
 
1-Ground plane  2-Mixing barrel  3-Rotor pump  4-Inclined plane thickener  5-Hot-press drying equipment 
Fig.9. 3D panorama 
7. Conclusions and Outlook 
Through deep investigation on the origin of the construction mud, the whole process of the construction of the 
mud is understood. Refer to the disposal method of mud at the present stage, and the reason why the building mud is 
caused by environmental pollution is due to the excessive moisture content. According to the background, combined 
with hot pressing drying theory and related literature, heating pressing method was used for building mud depth 
dehydration. 
In order to make the test data more true and reliable, the design idea of hot press drying machine is based on the 
existing experimental prototype, using the principle of similar amplification design, taking into account the 
application of mechanical automation in the practice of life, imitate the German 4.0 intelligent process, the whole 
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process using mechanical force. 
After the optimization of the process, the 36.4m3 can be processed in one day. In accordance with the original 
construction slurry solid-liquid ratio of 1:5, water and clay slurry ratio close to 1:4. With this device can greatly 
reduce the transport volume of mud. The 4 vehicles would be reduced to 1 vehicle. Saving the huge amount of mud 
transportation expenses for the construction company, but also reduce the pollution of the environment. 
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